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1 
I hav« discovered that «thylene will copolym«r- 
ize with butadiene in the presence of a cobalt 
oxlde catalyst at temperatures in. the range ap- 
promating 165  fo 575  F. and ai pressures be- 
tween about 100 to 100Op. s, i. g. to ïovm sur- 5 
prisgly attractive yiels of highev molecar 
weight stralght-chain diolefln copolymer prod- 
ucts. For example,  have fod that. reactig 
ethylene, at a. space velocity of. about 75 volumes 
measured asgas af S. T P. per volume of cata- 10 
lyst per hour, with butadi«ne, at a space ve- 
locity of about 150, in the. presence of coconut 
chavcoa impregnated with cobalt.ode at.about 
195«F. and 200 p. s. i. g. rests in the format! 
of reactlon .poducts contçghexaene, oct 15 
diene and decadiene.  good yield. 
 accordance with my4nvention, ethylenls 
reacted wi butadlene fo fo the gher mo, 
.lecar welght straight,chain diolfin copo- 
mers. Ihave fod that reactionof.only ehyl- 20 
ene der similar conditions will est. in te 
formation oï stvaight ca olefin 9olymers, 
such as butene, hexene, octene, etc. Propylene, 
ïo instance, is highly-istant, t0. an polymer- 
ation at all. On the other, hand,.I hae.fod 25 
that the reaction of butadene alone tends to 
the formation of. cyclic omers such.as vl- 
cyclohexen« an any straight, chapolymeza- 
tion products incientally ïorme. re  Yey 
:oç yeld. 
The mos 0f. ethYlçe .and .huadï _e- 
aced maY bê vaed c0nsiderably. .Hoever,.an 
excessive proportion of elther tends to poor eIds 
and i generally wasteful.  have .fod that 
sace velocities in the .range aproximating25 35 
fo 400 volumes of ech rectant per vole-f 
catalyst per hom" .rests  in the foati- of; 
.attractive amours of copol action  prod-. 
ucts. In aicular,«space vel0çities o aboutS0 
to 300 ïoreach are advantageoly emploed; 49 
In addition; I have fomd it desirable fo remove 
any oxygen, sulfur or other compods-in the 
ethylene wch might poison the catalyst. For 
instance the etlene may be psed over ati- 
vt ckel  prlorto ctinto einae-these 45 
contaminans 
The reacuis carried eut in  the pvesence. 
açsuorte cobalt ode catalyst.. In articar, 
: have fod cobal oxide deosite on-a--wood 
charcoal or-an activated coconutcharcoaI support 
 fo  be .highly -dvantageous as a. 

-OFIFtCE, 

.2". 
Thc copolymcriztion reaction is effected af 
temperatures .in .the range- approximating ï16 
t,o 575 ° .F_. kand_t, pressures between:abo  _lI0 o 
,1000 -p..s._l..g..!.prefer thermal reacionenirvn« 
.mènts of .about. 20.0 o 300  F. at:pressesof 
bout 20Ço.00 . s. 
Although .my,invenion .is no_redicaed:pon 
any particulr he0rY, .it is my be!if ha 
reaction .proc.eds. as. stepw!se adfi0n'e 
.moleces  ehylene to. th¢  budiene'molçl. 
For instance., follows: 
.CHHHCCH2H 
and so forth. It .is also interesting fo note that 
mçre.evere.reacion çonditions within thesc0pe 
oï .my invention .apparenly .direct te racf0n 
to the Ner molecular weight cop01mer. 
The strai-h-chain diolfin, copoler podb 
ucf prP.aedin cc0rdance wi my process,e 
c0nsideble utility as intermediates in the  
thesis of dffcti0nl comp.ods..For stae 
dichl0rides_maY be formed  from-the .copolmers 
by_rcaction with hydrochl0ric acide; or glco.y 
hydravion 0f both of. te ethylenic, groups; 0r 
dïbasic cids by oxydation of boh yyl, gups 
ad 0 Pr- OEhese convrsions-maF be effCfd 
 opd-FI due to the ack pf brnchin,e 
di0Iefinic hdrqcarbon.. adition, c0ndëa, polysfids eïul as plasics .of plastiÇes, 
The following examples are int'ended to mo 
clearly i!lustrate my vention. 
EMPLE I 
Ethylene and butaoEene were introduced into 
a  stainless steel reactor tube containing 250 cc. 
of acivated coconut charcoal impregnated with 
.c0loxide and heated by "dougut" heaters 
 suroung the tube. The ethylene gas feed was 
first,passed through activated nickel in ordèr 
toremove catalyst poisong agents such as oxy- 
gen and suE compods. The ethylene was 
paed into the reactor tube af a space velocity 
of 72 volées per volume of catalyst per hour 
and..-the butadiene through a separate ne ai a 
spoe-velocity of 153 v./v./hr. The reaction was 
-cared out af a temperature of about 194  F. 
50.nfd- a preure of 200 p. s. i.g. A total of 45 
ams. of ethylene and 185 grains of butadiene 



were reacted. 240 grams of effluent products 
were taken off from the reaction zone and passed 
through a vapor-liquid separator where .1 grams 
of heavter, liqutd components were removed from 
the gas stream. These liquid products were frac- 5 
tionated and the resulttng cuts analyzed for re- 
fracttve index, gravity and hydrogen value, as 
follows: 
Cu No. 
Average boiling range, °F ............. 150-158 l0 
Weight per cent of charge to still ....... 13.4 
Refractive index, N4 o ................ 1.413. 
Gravity, D4 o ......................... 0.694 
Hydrogen value (catalytic hydrogena- 
tion) .............................. . 490 
Cu No. 2 
Average boiling range, °F .............. 
Weight per cent of charge to still ........ 9.6 
Refracflve index, N42o .................. 1.4379 20 
Gravity, D42o .......................... 0.751 
Hydrogen value (catalytic hydrogena- 
tion) .............................. 502 
Cu No. 3 25 
Average boiling range, °F .............. 340 
Weight per cent of charge to still ....... 8.7 
Refractive index, N420 .................. 1.4383 
Gravity, D4 zo .......................... 0.783 
Hydrogen value (catalytic hydrogena- 30 
tion) ............................... 376 
The gas stream from which these liquid products 
were removed was then passed through a Dry Ice- 
acetone trap where the condensible portion, 59 
grams, was removed. The non-condensible gases, 35 
160 grams, contained 40.0% ethylene by weight, 
2.6% butylene, 17.0% butadiene-l,3 and had an 
average molecular weight of 34.5. 
EYkMP. LE II 
40 
Ethylene and butadiene were introduced into 
a reaction system similar to that of Example I 
at space velocities of 230 v./v./hr, and 90 v./v./hr., 
irespecfively. The reaction was carried out ai 
a temperature of about 400 ° F. at a pressure of 400 45 
P. s. i. g. A total of 144 grams of ethylene and 
112 grams of butadiene were reacted. 6.3% of 
.ethylene and 52.6 % of butadiene by weight were 
.converted. 294 grains of effluent products were 
taken off from the reaction zone and passed 50 
through a vapor-liquid separator, where 83.0 
grams of heavier, liquid components were re- 
moved from the gas stream. These liquid prod- 
ucts were fractionated and the resulting cuts 
analyzed for refractive index, gravity and hy- 
drogen value, as follows: 

Cu% No. I 
Average bofling range, °F ............... 248 
Wetght per cent of charge to still ........ ll.5 
Pefractive index, ND 2o ................. 1.4279 
Gravity, D «o .......................... 0.729 
I-Iydrogen value (ctlic hydrogen- 
tion) ............................... 380 
t No. 2 
Average boig range, F ............... 269 
Weight per cent of charge to still ........ 10.5 
Refracflve index, ND o ................. 1.4598 
15 Gra, D42o .......................... 0.794 
Hydrogen value (catalic hyogena- 
tion) _. .............................. 430 
C No. 3' 
Averge boiling range, F ............... 343 
Weight per cent of charge to still ....... 9.8 
Refractive index, No 0 ................. 1.4481 
Gravity, D  .......................... 0.775 
Hydrogen value (catalytic hydrogena- 
tion) ............................... 300 
The gas stream from which these Hqd prod- 
ucts were removed was then passed through a 
Dry Ice-acetone trap where the condensible por- 
tion, 47.0 grains, was removed. The non-con- 
deible gases, 164.0 'ams, had an average mo- 
lecar weight of 31.1. 
Thus distillation of the euent liquid produc 
from these exemplary runs show the formation 
of higher molecular weight straight-chain dio!e- 
fin copolymer products. For instance, the liq- 
uid euent of Example I was distilled into a 
C»-rich fraction (above, Cut No. 1) containing 
ai least 65% hexadiene, apparently the 1,4- 
isomer; a C-rich fraction (Cut No. 2) contain- 
ing principally octadiene, apparently the 1,6- 
and 2,6-isomers; and a C-rich fraction (Cut 
No. 3) composed mostly of decadiene. Accord- 
ingly, the butadiene h apparently condeed 
th one, two and three molecules of ethylene, 
respectively, to form the higher copolymers. 
 Example II, .distillation showed that octadi- 
ene (t No. 2) and decadiene (Cut No. 3) frac- 
tions were formed, àlthough the hexadiene frac 
tion. apparently was hot present. These dier- 
ences probably derive in large mease from the 
tact that the run comprising Example II was con- 
ducted at higher temperatures and pressures. 
Comparison of the distillation cuts from each 
example with literature data for pe compoun 
clearly illtrate the nature of my res: 

Gut No. 1 

Ex. I Ex. II 

1.4132 1.4279 
h o - 0. 604 0. 729 
LL 490 380 

LiteratureData for: 

3-Hexene I 1,4-CHIO ],5-CHlO 

152. 6 148 139 
1.3942 1.4162 1.4040 
0. 6816 0. 6996 0. 6016 
302 620 620 

244. 
1.42 
0. 731 

B. P., °F .......... 
N,o ............... 
DFo ............... 
H value .......... 

Gut No. 2 Literature Data for: 

, :Ex. I E. 1I 
264 I 269 
1.4379 I 1.4598 
0. 751 0.794 
502 ] 430 

244 
1.4211 
0. 7320 
460 

1,6-GsH 

252-257 
1.4400 
0.748 
460 

2,6-GsH 

256 
1.4336 
0. 7441 
 460 



B. P., 
N»" ...... 
H Value_ 

Cut 'o. 3 
340 343 
4383 I 
0. 783 t 0. 
376 } 3O0 

iterature Data for: 

2,8-CloH1s 3,7-CloHzs 1,3-CloHls [ 1,4-CloHlt 
334 332 336  ' .341 
1.4386 1.4377 1.4387 [ 1-4450 
0. 7665 0. 7586 368 I 
o. 750 I 0.753 
3 3  3 

I claim: 10 
The method of forming liquid, higher molecu- 
far weight straight-chain diolefln copolymers file f this patent: 
having from 6 to 10 carbon atoms .which com- 
prises the step of reacting ethylene with buta- -- 
diene in the presence of cobalt oxide-charcoal 15 Number 
catalyst at a temperature in the range approxi- 2,200,429 
mating 165 ° to 575 ° F. and at a pressure between 2,332,276 
about 100 to 1000 p. s. i. g. at a reaction space 2,381,198 
velocity in the range of about 25 to 400 volumes 
of each of the fluid reactants per volume of cat- 0 
alyt per hour. 
BERNARD S. IIEDMAN. 
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